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REMARKS 

Upon entry of this amendment, Claims 5, 7-9, 26, 27, 29, 31, 35, 37, 48-51, 56, 58, 69, 
70, 72, 74, 76, 78, 108, 110, 117, 127-129, 131-135,. 137, 147, 150, 156, and 157 are pending in 
the present application. Among them, Claims 56, 1 10, 1 35, 137, 147, and 150 are directed to 
non-elected inventions or species, and are withdrawn from further consideration. 

Applicants have amended Claim 5 by, inter alia,, incorporating the subject matter of 
Claim 107 into Claim 5. Support for the amendment can be found throughout the specification. 
See, for example, page 4, last full paragraph; page 28, last full paragraph; page 1 56, second full 
paragraph; and original Claim 107. etc. No new matter is introduced. 

As a result, Claim 107 is canceled without prejudice, and Claim 108 is amended to 
depend on Claim 5. 

Applicants note with appreciation that all the prior art rejections based on 35 U.S.C. 
§§ 102 and 3 03 have been withdrawn in view o f Applicants 5 amendments and arguments. 

Applicants respectfully request reconsideration in view of the following remarks. Issues 
raised by the Examiner will be addressed below in the order they appear in the Office Action. 

Claim Rejections under 35 U.S.C. §112, second paragraph 

Claims 5, 7-9, 26, 27, 29, 31, 35, 37, 48-51, 58, 69, 70, 72, 74, 76, 78, 107, 108, 117, 
127-129, 3 31-134, 150, 156, and 157 are rejected for reciting the allegedly indefinite term 
"biomolecular accretion/' The Examiner argues that the term as defined on paragraph 224 of the 
published application "is too broad and indefinite." 

Applicants submit that, pursuant to M.PEP 2173.04, "[b]readth of a claim is not to be 
equated with indefiniteness. In re Miller, 441 F.2d 689, 169 USPQ 597 (CCPA 1971). If the 
scope of the subject matter embraced by the claims is clear, and if applicants have not otherwise 
indicated that they intend the invention to be of a scope different from that defined in the claims, 
then the claims comply with 35 U.S.C. 1 12, second paragraph." 
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Nevertheless, solely to advance prosecution, Applicants have amend Claim 5 to replace 
"biomolecular accretion" with "insoluble protein-containing aggregate" (see, for example, page 
28, last full paragraph). This amendment renders the rejection moot. 

Applicants submit that all pending claims satisfy the requirements of 35 U.S.C. § 1 12, 
second paragraph. Reconsideration and withdrawal of the rejections are respectfully requested. 

Claim Rejections under 35 U.S.C. S 112 , first paragraph - written description 

Claims 5, 7-9, 26, 27, 29, 31, 35, 37, 48-51, 58, 69, 70, 72, 74, 76, 78, 107, 108, 1 17, 
127-129, 131-134, 150, 156, and 157 are rejected under 35 U.S.C. § 112, 1 st paragraph, for 
allegedly failing to meet the written description requirement. 

The Examiner argues that the specification (such as paragraph 224 of the published 
application) defines "biomolecular accretion" broadly, and Ci [i]t is unclear how fusion protein 
comprising protease approach to and then can catalyze the cleavage of such diverse biomolecular 
accretion moiety." 

While not acquiescing in the reasoning of the Office Action. Applicants submit that the 
presently claimed invention recites substrates that are insoluble protein-containing aggregates, 
which substrates can be readily cleaved by proteases. Applicants further submit that the 
described species in the instant application, especially those in the working examples, adequately 
represent the entire presently claimed genus of adzymes. 

Reconsideration and withdrawal of the rejections are respectfully requested. 

Claim Rejections under 35 US. C. £ 112, first paragraph - scope of enablement 

Claims 5, 7-9, 26, 27 ? 29, 31, 35, 37, 48-51, 58, 69, 70, 72, 74, 76, 78 : 107, 108, 117, 
127-129, 131-134, 150, 1 56, and 157 are rejected under 35 U.S.C. § 112, 1st paragraph, because 
the specification allegedly fails to provide enabling disclosure commensurate with the scope of 
the claims. 

In supporting this rejection, the Examiner relies on an unsubstantiated statement "[i]t is 
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well known to person knowledgeable in prior art that active protein usually does not react with 
precipitated and inactive protein/' Applicants respectfully disagree. 

Applicants hereby submit Exhibit A, which is a research article by Mohamadzadeh et al. 
(Journal of Immune Based Therapies and Vaccines 2: 8, 2004). On page 2, right column, under 
the heading "Determination of protease activities" it is evident that denatur e d hemoglobin was 
used to assess the protease activity of cathepsin D/E. See also page 6, right column, last 
paragraph: "Cathepsins D and E are prototypic aspartic acid proteases, ... both digest denatured 
hemoglobin effectively ..." (emphasis added). 

Applicants further submit Exhibit B r which is the abstract of another research article by 
Sogawaand Takahashi (J Biochem. 80(6): 1443-1446, 1976). The abstract reads in part: "[a] 
novel neutral protease(s) ... was found in monkey liver using heat-denatured c asein as a substrate 
..." (emphasis added). 

Thus it appears that, contrary to the Examiner's assertion, many different proteases can 
indeed digest precipitated and inactive proteins. One the other hand, other than the 
unsubstantiated assertion, the Examiner has not provided any scientific reasoning or evidence to 
support the assertion. If this assertion is based on personal knowledge, Applicants respectfully 
invite the Examiner to provide an affidavit or declaration setting forth specific factual statements 
and explanation to support the finding. See 37 C.F.R. § 1.104(d)(2). Applicants also 
respectfully remind the Examiner that **[i]f applicant adequately traverses the examiner's 
assertion of official notice, the examiner must provide documentary evidence in the next Office 
action if the rejection is to be maintained. See 37 C.F.R. 1 .104(c)(2). See also Zurko, 258 F.3d 
at 1386, 59 USPQ2d at 1.697 ("[T]he Board [or examiner] must point to some concrete evidence 
in the record in support of these findings" to satisfy the substantial evidence test)." See MPEP 
21 44.03 , Section C. 

Also in support of this rejection, the Examiner apparently relies on the argument that the 
amino acid sequence of a polypeptide determines its structural and functional properties, and 
unpredictable effects may occur if one or more residues are mutated without knowing, a priori, 
which amino acids can tolerate modification. 
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Applicants submit that this argument, even if correct (which Applicants do not concede), 
is largely irrelevant with respect to the presently claimed invention. While the instant claims do 
not exclude the embodiments where the protease domain and/or the targeting domain can be 
modified, the claims do not contain such limitations. It is improper to base the enablement 
rejection on limitations not recited in the claims, just like Applicants are not allowed to argue 
patentability based on limitations not recited in the claims. 

Furthermore, Applicants submit that the theory the Examiner relies upon is at best 
applicable to protein structure / function studies involving point mutations . The claimed 
adzymes are primarily created by an approach similar to "domain swapping/' in which a protease 
domain is fused to a discrete and heterologous targeting domain. This strategy does not 
generally affect the folding of the individual protease domain or the targeting domain, and has 
been widely and successfully used in techniques such as yeast two-hybrid screening, in which a 
DNA binding domain is fused to a bait protein, and a transcription activation domain is fused to 
a library of random proteins that may contain a suitable binding partner for the bait protein. As a 
consequence, there is no need to provide information such as the "modifiable regions" within 
each protease or targeting domain, the "general tolerance of enzyme activity to modification/ 1 
and "a rational and predictable scheme for modifying any residues for adzyme activity." 

Nevertheless, solely to advance prosecution. Applicants have amended Claim 5 to recite 
specific targeting domains, such as antibodies and functional fragments thereof, which are more 
closely related to those admittedly enabled embodiments. Applicants further direct the 
Examiner's attention to dependent Claim 108, which specifically recite exemplary antibodies I 
functional fragments thereof. Applicants submit that at least the amended Claim 5 and its 
dependent claims (such as Claim 108) are enabled, since one of skill in the art can readily 
practice the presently claimed subgenus invention without undue experimentation based on the 
teaching of the instant specification. 

In view of the foregoing, all pending claims as ameuded fully satisfy the enablement 
requirement of 35 U.S.C. § 1 12, first paragraph. Reconsideration and withdrawal of the rejection 
are respectfully requested. 
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Double Patenting Rejection 

The Office Action maintains the provisional obviousness-type double patenting rejection 
of claim 5 over Claim 2, 19, and 35 of the co-pending U.S. Application Nos. 10/792,498 and 
10/650,591. 

Applicants reiterate that, if conflicting claims are first allowed in these two co-pending 
U.S. Applications, and appear in an issued U.S. patent, Applicants note that, pursuant to 37 
C.F.R. § 1.130(b), a timely filed terminal disclaimer in compliance with 37 C.F.R. § 1.321(c) 
may be used to overcome the double patenting rejection. Applicants will submit a terminal 
disclaimer, if necessary, upon indication of allowable subject matter. 



CONCLUSION 

The Examiner may address any questions raised by this submission to the undersigned at 
617-951-7000. The Director is hereby authorized to charge any other deficiency in the fees filed, 
asserted to be filed or which should have been filed herewith (or with any paper hereafter filed in 
this application by this firm) to our Deposit Account No. 18-1945, from which the undersigned is 
authorized to draw under Order No. COTH-P01 -001 . 

/ \ 

Dated: May 5, 2008 Respectful!^ submitted, 



By_ 

Yu Lu ; PiytX, J.D. 

Registration No.: 50,306 
ROPES % GRAY LLP 
One Internationa] Place 
Boston, Massachusetts 02110-2624 
(617) 951-7000 
(617) 951-7050 (Fax) 
Attorneys/Agents For Applicant 
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Abstract 

Dendritic ceils (DC) are known to present exogenous protein Ag effectively to T cells. In this study 
we sought to identify the proteases that DC employ during antigen processing. The murine 
epidermal-derived DC line Xs52, when pulsed with PPD, optimally activated the PPD-reactive Th I 
clone LNC.2FI as well as the Th2 clone LNC.4UI, and this activation was completely blocked by 
chloroquine pretreatment. These results validate the capacity of XS52 DC to digest PPD into 
immunogenic peptides inducing antigen specific T cell immune responses. XS52 DC as well as 
splenic DC and DCs derived from bone marrow degraded standard substrates for cathepsins B, C, 
D/E, H,J, and L, tryptase, and chymases, indicating that DC express a variety of protease activities. 
Treatment of XS52 DC with pepstatin A, an inhibitor of aspartic acid proteases, completely 
abrogated their capacity to present native PPD, but not trypsin- digested PPD fragments to Thl and 
Th2 cell clones. Pepstatin A also inhibited cathepsin D/E activity selectively among the XS52 DC- 
associated protease activities. On the other band, inhibitors of serine proteases 
(dichloroisocoumarin, DC1) or of cystein proteases (E-64) did not impair XS52 DC presentation 
of PPD, nor did they inhibit cathepsin D/E activity. Finally, all tested DC populations (XS52 DC, 
splenic DC, and bone marrow-derived DC) constitutively expressed cathepsin D mRNA. These 
results suggest that DC primarily employ cathepsin D (and perhaps E) to digest PPD into antigenic 
peptides. 



complex proteins into antigenic peptides, c) assembly of 
these peptides with MHC molecules, d) surface expression 
of MHC molecules as well as costimuiatory molecules, 
including CD80, CD86, and CD40, e) secretion of T cell 
st imul a tory cytoki nes, including IL-If3, IL-6, IL-S, TNF-a, 
and macrophage inflammatory protein (MlP)-la and f) 
migration into draining lympb nodes [2). 
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Review 

Dendritic ceils (DC) are professional antigen presenting 
cells that induce primary antigen specific T cell responses 
[1] and exhibit all functional properties required to 
present exogenous antigen (Ag) to immunologically naive 
T cells. These properties include: a) uptake of exogenous 
Ag via receptor- mediated endocytoses, b) processing of 
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In the present study, we sought to characterize the Ag 
processing capacity of DC as well as the enzymes previ- 
ously involved in this process. In this regard, several 
groups have previously reported that epidermal LC and 
splenic DC, both of which contain small numbers of non- 
DC contaminants, exhibit significant Ag processing capac- 
ities [3-1 2|. l.C freshly obtained from skin are quite potent 
in their Ag processing capacity, but the majority of these 
LC lose this capacity as they "mature" during subsequent 
culture [3-6. 12]. On the other hand, other reports have 
.shown that DC are less efficient than macrophages in Ag 
processing, with each employing different pathways for 
Ag processing [1.0,13-16]. These differences suggest the 
possibility of unique pathways and requirements for Ag 
presentation by DC. 

With respect to the mechanisms by which DC process 
complex protein Ars, chloroquine has been shown to 
inhibit this process; this suggests that Ag processing pri- 
marily occurs within acidic compartments (6-8], [10-12]. 
Macrophages and B cells have been reported to employ 
catbepsins B, D, and/or E for digesting protein Ag, includ- 
ing ovalbumin (OVA), hen egg white lysozyme (HJ-X), 
myoglobin, exogenous IgG, and Staphylococcus aureus 
nuclease [ 17-35]. These proteases may each exhibit differ- 
ential pathways for activity; for example, macrophages 
appear to employ cathepsin D for the initial cleavage of 
myoglobin and cathepsin B for C-terminal trimming of 
resulting fragments [17]. Little information, however, has 
been available with respect to proteases that are employed 
by DC for Ag processing. Thus, in the present study we 
sought to define the protease profiles produced by DC 
and then to identify which protease(s) would primarily 
mediate Ag processing in DC. 

Materials and Methods 
Cells 

The XS52 DC cell line (a gift of Dr. Takashima, Dallas, 
Texas), a long-term DC line established from the epider- 
mis of newborn BALB/c mice [23], were expanded in com- 
plete RPM1 in the presence of 1 ng/ml murine rGM-CSF 
and 10% culture supematants collected from the NS stro- 
mal cell line as described previously [23]. Other pheno- 
typic and functional features of this line are descibed 
elsewhere [23-25|. As responding T cells, we used the pro- 
tein purified derivative (PPD)- reactive Thl clone LNC.2FI 
and the Th2 clone LNC.4K1 [26], both of which were 
kindly provided by Dr. E. Schmitt (Institute for Immunol- 
ogy, Mainz, Germany). As control cells, we also employed 
Pam 212 keratin ocytes (27), 7-17 dendritic epidermal T 
ceils (DETC) (28], J774 macrophages (ATCC, Rockville, 
MD), and BVV5147 thymoma cells (ATCC). 

Splenic DC were purified from BALB/c mice (Jackson Lab- 
oratories, Bar Harbor, ME) by a series of magnetic bead 



separations as before [24,25]. Briefly, spleen cell suspen- 
sions were first depleted of B cells using Dynabeads con- 
jugated with an ti- mouse IgC. Subsequently, T cells were 
removed using beads coated with anti-CD'l (CK1.5) and 
anti-CDS mAbs (3.155), and then macrophages were 
depleted using beads conjugated withF4/80 mAb. Finally, 
DC were positively sorted using beads coated with anti- 
DC mAb 4F7 [29]. The resulting preparations routinely 
contained > 95% DC, as assessed by flow cytometry. DCs 
were propagated from bone marrow as described by Inaba 
et a!. (30J. Using magnetic beads, bone marrow cell sus- 
pensions were fust depleted of B cells (with anti-mouse 
IgG), 1-A + cells (with 2G9 mAb, Pharmingen, San Diego, 
CA), and T cells (with GK1.5 and .3.155 mAbs). The 
remaining I -A- cells were then cultured in the presence of 
GM-CSF (10 ng/ml). The purity of bone marrow derived 
DC was more than 95% as determined by flow cytometry 
using anti-CD 1 1 c and anti-l-A antibody (not shown). 

Determination of protease activities 
Cells were lysed in 0.1% Triton X-100 in 0.9%' NaC!; 
extracts were then examined for protease activities using 
the following substrates: a) Z-Arg-Arg-{3NA (for cathepsin 
B. at pH 6.0), b) denatured hemoglobin (cathepsin D/E, 
pM 3.0), c) Arg-pNA (cathepsin H, pM 6.8), d) Z-Phe-Arg- 
MCA (cathepsin J, pH 7.5), e) Z-Phe-Arg-MGA (cathepsin 
U pH 5.5), f) Giy-Phc~|3NA (DPP! or cathepsin C, pH 5.5), 
g) BLT ester (BLT esterase, pH 7.5), and h) Suc-Ala-Ala- 
Pro-Phe-SBz and Suc-Phe-Leu-Phe-SBz (chymotrypsin- 
like proteases, pH 7.5). Samples were incubated at the 
indicated pH and enzymatic activities were assessed by 
colorimetric or fluorogenic changes [31]. Enzymatic activ- 
ities were expressed as nmol/min/mg soluble protein, in 
which protein concentrations were measured by the bicin- 
ch on ink acid method using bovine serum albumin as a 
standard |32]. 

Ag presentation and T cell stimulation assays 
XS52 DC were y-irradiated (2000 rad) and then pulsed for 
S hr with 100 pg/ml of PPD (kindly provided by Dr. E. 
Schmitt, Mainz, Germany) in the presence of each of the 
following inhibitors (or vehicle controls): a) pepstatin A 
(100 ng/ml, Sigma, St. Louis, MO), b) DCJ 100 w.M, 
Sigma), c) E-64 (100 pM, Sigma), d) DMSO (1%), and e) 
NH<CL (15 m.M). Subsequently., the XS52 cells were 
washed 3 limes with PBS to remove unbound PPD and 
then cultured in 96 round-bottom well-plates (10 4 cells/ 
well) with either the PPD-reactive Th 1 orTh2 clone (105 
cells/well) in the presence of the same inhibitor at the 
above concentration. In some experiments, XS52 DC were 
pulsed overnight with PPD in the presence of an inhibitor 
and then fixed with 0.05% glutaraldehyde in PBS for 30 
seconds at 4 C C; the fixation reaction was stopped by add- 
ing 0.1 M L-lysine. These XS52 cells were then washed 
with PBS and examined for their ability to activate Th 1 or 
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Table I: Protease Profiles Expressed by Several DC Populations 


Protease 


XS52 DC 


Splenic DC 


Bone Marrow DC 


BW5I47 Thymoma 








Cells 


Cathepsin B 5 


133 + 39? 


123 ±3.3 


121 :t 3.3 


1.5 ±0.08 


Cache psin C 


34 ± 7 


16 t 4 


0.4 ± 0. 1 


<0.0J 


Cathepsin D/E 


34 ± 6 


30 ± 14 


22 ±2 


1.6 + 0.1 


Cathepsin H 


2.6 ± 0.8 


3.5 ± 07 


1 ± 0.2 


0.9 + 0.2 


Cathepsin J 


26 ± 0.3 


0.7 ± 0.3 


3.0 + 0.1 


0.2 ± 0.09 


Cathepsin L 


14 ±0.6 


26 ± II 


19 + 0.6 


0.6 ± 0.08 


BLT esterase 


25.000 ± 400 


Sfi.000 ± 4.000 


21,300 ± 100 


<I00 


Suc-FLF-SRz. esterase 


1.900.000 ±61,000 


3 10.000 ± 10.800 


1.1 50.000 ± 10.200 


12.000 ± 100 


Suc-AAPFSBZ esterase 


433,000 ± 2.900 


134.000 ±7.300 


360,000 ±6.100 


3.400 ± 600 



'Extracts prepared from the indicated cell types were examined for protease activities using a panel of standard substrates. 2 Enzymatic activities are 
expressed as nmof/min/mg soluble protein. Data shown represent the mean ± SD from three Independent preparations. 



Th2 clones in the absence of protease inhibitors. In order 
to determine the mechanism of action for pepstatin A, 
XS52 cells were pulsed in its presence with PPD either in 
a native form or following digestion with trypsin-conju- 
gated sepharose beads (Pierce, Rockford, 1L) for 15 min- 
utes at 37 °C. We also examined the effect of added 
pepstatin A on the capacity of XS52 cells to activated allo- 
geneic T cells isolated from CBA mice (Jackson Laborato : 
ries). Samples were pulsed for 18 hr with 1 uCi of 3 H- 
thymidine and then harvested using an automated cell 
harvestor. 

RT-PCR Analysis 

mRNA expression for cathepsin D was examined by RT- 
PCR. RNA isolation, reverse-transcription, and cDNA 
amplification were carried out as previously described 
[33 1. The following primers were designed based on the 
published sequence of murine cathepsin D [34]: 5'-CGT- 
CAG AG CAGGTTTCrG G G -3 ' and S'-GCTITAAGCTTT- 
GCrcrCTTCGCG-3\ After 25 cycles of amplification, 
PGR products were analyzed in 1% agarose gel electro- 
phoresis containing 2 ug/ml ethidium bromide. Other 
experimental conditions, including primer sequences for 
the p-actin control are described elsewhere (33). 

Results 

DC exhibit several different protease activities and they 
process the complex protein Ag PPD into antigenic 
peptides 

In the first set of experiments we sought to identify which 
protease activities were expressed by DC. A panel of syn- 
thetic peptide and protein substrates was incubated with 
extracts prepared from three DC populations: the XS52 
DC line, 4F7+ splenic DC, and GM-CSF- propagated bone 
marrow DC. As noted in Table 1, each DC population 
exhibited all tested protease activities, including cathep- 
sins B, C, D/E, H, J, and L, BLT esterase, and chymot- 



rypsin-like proteases. Each protease activity in DC was 
substantially higher (up to 20 fold) than that detected in 
the BW5147 thymoma cell line, a line that expresses rela- 
tively low levels of protease activities. Moreover, cathepsin 
D/fi activity was undetectable [<\ nmol/min/rng} in Pam 
2 1 2 keratinocyies and 7-17 DFfC (data not shown), indi- 
cating further cell type-specificity. These results demon- 
strate that DC produce a variety of protease activities and 
at relatively high levels. 

We next asked whether DC are capable of digesting a com- 
plex protein Ag into antigenic products. In this regard, it 
has been reported previously that the original XvS52 DC, as 
well as clones derived from this line, are capable of pre- 
senting KLH to the KLH-specificThJ clone HDKrl [23]. 
These results, however, did not fully test the processing 
capacity because it remained uncertain whether the con- 
ventional KLH preparation, which also contained many 
small molecular weight species, was indeed "processed" 
before effective presentation. For this reason, we devel- 
oped a new experimental system using two PPD reactive T 
cell clones, a Thl clone LNC.2FJ and a Th2 clone 
LNC.41U. The advantage of PPD lies in the relative cer- 
tainty of its purity. When pulsed with native PPD for ft hr, 
XS52 DC were capable of stimulating both T Cel} clones 
effectively. In dose- response experiments (Fig 1A), XS52 
DC induced maximal activation of both T cell clones at 
25-100 ug/mi of PPD, whereas no significant activation 
was observed, even at higher concentrations, in the 
absence ofXS52 DC (data not shown). Importantly, chlo- 
roquine (100 uM) inhibited completely the capacity of 
XS52 ceJls to activate both Thl and Th2, T cell clones (Fig. 
1R), indicating the requirement for processing of PPD in 
an acidic environment. These observations indicate that 
XSS2 DC do possess the capacity to digest a complex pro- 
tein Ag into an immunogenic Ag. 
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Figure I 

XS52 DC are capable of presenting native PPD effectively to T cells: (A) XS52 DC were y-irradlaced and then pulsed 
for 8 hr with the indicated concentrations of PPD. The PPD-reactive Th I clone (diamonds) or Th2 clone (squares) (I0 5 cells/ 
well) was cultured for 2 days with PPD-pulsed XS52 cells ( I0 4 cells/well). (B) Following a 3 hr incubation with or without chlo- 
roquine (1 00 u.M), XS52 DC were pulsed with PPD (1 00 u.g/m!) in the presence or absence of chforoquine (1 00 jiM) and then 
examined for their capacity to activate the PPD-specific Th I and Th2 clones. Data shown are the mean i* SD (n ~ 3) of ^-thy- 
midine uptake. Baseline proliferation of y-irradiated XS52 DC alone was <300 cpm. 



Pepstatin A inhibits the capacity ofXSSl DC to present 
native PPD to T cells 

To identify the proteases responsible for processing PPD, 
we employed three inhibitors: pepstatin A (aspartic acid 
protease inhibitor), DCI (serine protease inhibitor), and 
E-64 (cysteine protease inhibitor). XS52 DC were pulsed 
for 8 hr with native PPD in the presence of each inhibitor 
and then examined for ihe capacity to activate PPD-reac- 
tive Th 1 and Th2 clones. To ensure a maximal effect, 
inhibitors were also added to cocukures of XS52 DC and 
T cells. As noted in Figure 2A, pepstatin A (100 ug/m!) 
almost completely blocked the capacity of XS52 cells to 



stimulate both T eel) clones. When XS52 DC were pre- 
treated with pepstatin A only during the 8 hr of Ag pulsing 
(but not during the subsequent coculture with T cells), we 
also observed significant, albeit less effective, inhibition 
(data not shown). By contrast, neither DCI nor E-64 
caused any significant inhibition (Figure 2A). No inhibi- 
tion was observed after treatment with 1% DMSO or 15 
m.M ammonium chloride alone, which was used to dis- 
solve the above inhibitors. With respect to the mechanism 
of pepstatin A inhibition, tbeXS52 DC remained fully via- 
ble after 8 hr pre-incubation with pepstatin A (Figure 2B), 
thus excluding the possibility that pepstatin A had simply 
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Figure 2 

Pepstatin A inhibits the capacity of X552 DC to present native PPD: (A) y-irradiated XSSI DC were pulsed with 
PPD (1 00 ug/ml) in the presence or absence of each protease inhibitor (1 00 ug/ml pepstatin A, 1 00 uM DCl, or 1 00 j.iM E-64) 
or vehicle alone (l% DMSO or !5 mM NH 4 CI). XS52 DC were then cultured for 2 days with the PPD-reactive Thl or Th2 
clone in the continuous presence of the same inhibitor or vehicle alone. Data shown are the mean ± SD (n = 3) of ^-thymi- 
dine uptake in three representative experiments. (B) XS52 DC were incubated with each of protease inhibitor (100 ug/ml pep- 
statin A, 100 nM DC! t or 100 uM E-64) or vehicle alone (1% DMSO or 15 mM NH H CI) for f6 hrs. Subsequently, cells were 
harvested and their viability was measured by trypan blue. 



killed the XS52 DC. When pepstatin A was added to XS52 
DC dial had been pulsed with PPD and then fixed with 
paraformaldehyde, no inhibition was observed (Figure 
3A). Moreover, pepstatin A failed to affect the capacity of 
X552 DC to stimulate allogeneic T cells in a primary 
mixed lymphocyte reaction (Figure 3B); making it 
unlikely that pepstatin A had impaired the T cell-stimula- 
tory capacity of XS52 DC. Finally, pepstatin A treatment 
was only effective when the native form of PPD was used 
as complex Ag, whereas it caused rio inhibition when try- 
sin- digested PPD fragments were employed (Figure 3C). 



Based on these observations, we concluded that pepstatin 
A had primarily inhibited the processing events. 

Functional role of cathepsin DIE to the processing of PPD 
by XS52 DC 

To identify the protease(s) inhibited by pepstatin A, XS52 
DC were pretreated for 1 hr with pepstatin A ( 1 00 ug/ml), 
and extracts prepared from these cells were then examined 
for enzymatic activities. As noted in Figure 4, I hr pretteat- 
ment with pepstatin A was sufficient to block cathepsin D/ 
E aciivity significantly (>70%). Pepstatin A also inhibited. 
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Figure 3 

Failure of pepstatin A to inhibit the Ag presenting capacity of PPD-pulsed and fixed XS52 DC: (A) y-irradiated 
XS52 DC were pulsed with PPD and then fixed with paraformaldehyde (left panels). Alternatively. XS52 DC were first fixed 
and then pulsed with PPD. Subsequently, the XS52 DC were cultured with the PPD-specific Thl or Th2 clone in the presence 
or absence of pepstatin A. Data shown are the mean ± 5D (n = 3) of 3 H-r.hymidine uptake. (B): Allogeneic splenic T cells iso- 
lated from CBA mice (5 x 1 0 s cells/well) were cultured for 4 days with the indicated numbers of y-irradiated XS52 DC in the 
presence or absence of pepstatin A. Data shown are the mean ± SD (n = 3) of 3 hUthymidine uptake. (C): y-irradiated XS52 DC 
were pulsed for 8 hr with either native PPD or tryp sin-digested PPD in the presence or absence of pepstatin A. XS52 DC were 
then cocultured for 4 days with PPD-reactive Thl or Th2 clones in the presence or absence of pepstatin A. Cocultures were 
then pulsed for 1 8 hr with 3 H -thymidine and then harvested using a P-counter. 



albeit less effect iveiy, cathepsin J activity and it had no sig- 
nificant effect on other tested protease activities. On the 
other hand, DCI and E64 were highly inhibitor)' of the 
chy mo trypsin -like activities as well as cathepsin B. J, and/ 
or L activities, but they did not inhibit cathepsin D/E. 
These results corroborate previous reports that pepstatin A 
inhibits cathepsin D/F activity relatively selectively |35]. 
Thus, it appears that cathepsin D/E is the primary target of 



pepstatin A, with the implication that these proteases play 
important roles in processing PPD by XS52 DC. 

Caihepsins D and E are prototypic aspanic acid proteases, 
which exhibit maximal enzymatic activities at acidic pH. 
Because both digest denatured hemoglobin effectively, 
the substrate used to measure cathepsin D/E activity, and 
because both are equally susceptible to pepstatin A treat- 
ment, it remained uncertain where processing of PPD in 
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Figure 4 

Pepstatin A Inhibits selectively the cathepsins D/E. X552 DC were pretreared for 60 imin with each of protease inhibi- 
tors or vehicles. After extensive washing, the cells were extracted and subsequently examined for protease activities. Data 
shown are % inhibition compared with untreated control cells. 



XS52 DC was mediated by cathepsin D, or cathepsin E, or 
both. As a first step to answer this question, we detected 
cathepsin D mRNA by RT-PCR in the XS52 DC line, as 
well as in 4F7* .splenic DC and a bone marrow derived DC 
line, indicating that DC do possess the capacity to pro- 
duce cathepsin D (Figure 5). 

Conclusion 

The experiments reported in this study provide new infor- 
mation with respect to complex Ag processing by DC. 
First, the long-term DC line, XS52 DC, was capable of 
processing PPD into immunogenic peptides, in the com- 
plete absence of other cell types. Although previous stud- 
ies using several different DC preparations have 
documented similar results (3-12), this is the first report 



validating the Ag processing capacity of DC, in the 
absence of contaminating cells. Second, we have charac- 
terized the protease profiles expressed by DC. XS52 DC, 
4F7" splenic DC, and bone marrow- derived DC, all exhib- 
ited significant protea'se activities for cathepsins B, C, D/E, 
H. I, and L, BUT esterase, and chymotrypsin. Thus, DC 
possess the capacity to produce a family of protease activ- 
ities. Finally, pepstatin A, but not other protease inhibi- 
tors, abrogated almost completely the ability of XS52 DC 
to digest native PPD into an antigenic product, suggesting 
an important role for pepstatin A-senshive proteases 
(most likely cathepsin D and/or E) during Ag processing 
by DC. Taken together, these results reinforce the concept 
that DC are fully capable of processing complex protein 
Ag into antigenic peptides. 
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Figure 5 

DC constitutively express cathepsin D mRNA. Total 
RNA isolated from the indicated cell types were subjected to 
RT-PCK analysis for cachepsm D and P-actin. Data are 
shown, including bone marrow DC and macrophages, as well 
as 4F7 + splenic DC (splD.C). products after 25 cycles of 
amplification. 



As described before, macrophages and B cells have been 
reported to employ calhepsins B, D, and E primarily to 
digest complex protein Ag, such as ovalbumin (OVA), hen 
egg white lysozyme (HfcL), myoglobin, exogenous IgG, 
and Staphylococcus aureus nuclease (17-22). Here we 
report that DC also employ cathepsin D and/or i; to digest 
PPD into an immunogenic Ag-product. This conclusion is 
supported by several lines of evidence: a) pepstatin A, but 
not other protease inhibitors, completely blocked the 
presentation of intact PPD by XS52 DC to PPD-reactive 
Thl and Th2 clones, whereas it did not affect the presen- 
tation of PPD fragments; b) pepstatin A pretreatment 
inhibited cathepsin D/E activity selectively among the 
DC-associated protease activities; and c) all tested DC 
preparations expressed cathepsin D mRNA constitutively. 
In this regard, DC isolated from the mouse thoracic duct 
have been reported to produce neglible, if any, cathespin 
D immunoreactivity (assessed by immunofluorescence 
staining), whereas peritoneal macrophages produced rel- 
atively large amounts [14|. Also comparable levels of 
cathepsin D/F, activity were detected in extracts from bone 
marrow-derived DC and from bone ma now- derived mac- 
rophages (data not shown). This discordance may reflect 
differences in the DC preparations tested and/or in the 
assays employed to detect cathepsin D. Nevertheless, our 
observations indicate that DC employ cathepsin D/E to 
degrade some protein Ag. with the implication that 
pepstatin A and other cathepsin D/E inhibitors [36] may 



be useful to prevent and even to treat unwanted hypersen- 
sitivity reactions against such protein Ag. 

It is important to emphasize that different protein Ag may 
be degraded by different proteases in DC. Moreover, DC 
isolated from different tissues or in different maturational 
states may employ different proteases. For example, 
murine DC isolated from the thoracic are unable to digest 
human serum albumin effectively (14 J, and murine 
splenic DC purified following overnight culture have 
failed to degrade KLH significantly into a TCA-soIubie 
form [13). Moreover, several reports document that LC 
lose their Ag processing capacity as they mature in culture 
(3-6,12]. Thus, it will be interesting to compare DC from 
different tissues and in different slates of maturation for 
their protease profiles and susceptibilities to pepstatin A 
treatment. We believe that the experimental system 
described in this report will provide unique opportunities 
to study the function of proteases and the regulation of 
their production in DC. 
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A novel neutral protcaso(s) from monkey liver. 



A novel neutral protease(s), which is presumably membrane -bound, was found in 
monkey liver using heat-denatured casein as a substrate and was separated from 
other major catheptic proteases by successive procedures of gel filtration on 
Ultrogel AcA 22, solubilization by deoxycholate and gel filtration on Sepharose 
6B. The enzyme (s) showed maximal activity at pH 8.0, and was strongly inhibited 
by DFP and PMSF. Many other reagents tested, including TPCK, TICK, pCMB, 
iodoacetic acid, and EDTA, were without marked effect on the activity. Activation 
of the enzyme(s) by NaO was not observed. 
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